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tréi qua sau khi hoa ran, va dong thoi, c6 d6 bén cit vuot trdi. Ché phim nhira epoxy nay
con ¢6 do nhét thap va thich hop dé ap dung bang cach sir dung thiét bi phén ph01 phun tia
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Linh vue k§ thuat dwge dé cap

Sang ché dé cdp den ché pham nhya epoxy, chat gan chira ché pham
nay, san phdm hoéa rian thu dugc bang cach héa ran ché pham nay, va linh kién

dién tr chira san phdm hoéa ran nay.
Tinh trang ky thuat cia sang ché

Hién nay, trong qué trinh 1ap rap va lap dit linh kién dién tt, nhu chip
ban din, duoc st dung trong thiét bi ban dan, chit két dinh, chét gin va chét
twong tu chtra ché phém nhua co thé hoa ran duoc, cu thé 13, ché phém nhua
epoxy, thuong duogc st dung cho cac muc dich nhu duy tri do tin cay. Cu thé 13,
trong truong hop thiét bi ban dan chira linh kién bi hu hong trong céc diéu kién
nhiét do cao, can thiét thuc hién tat ca cac qué trinh san xuét trong cac diéu
kién nhiét do thip. Vi thé, céc chat két dinh va cac chat gén dugc st dung
trong qua trinh san xuét cac thiét bi ndy can phai thé hién kha nang hoéa ran d
ngay cé trong cac diéu kién nhiét do thap. Pong thoi, cling yéu cdu rang ching

¢ thé hoa ran dugc trong mot thoi gian ngan tir géc dd chi phi san xuat.

Ché phdm nhwa epoxy dugc sit dung cho chét két dinh va chit gan
dung cho cac linh kién dién t& (dudi ddy, d6i khi duogc goi don gién la “ché
phim c6 thé hoa rin dugc”) thudng bao gdbm nhya epoxy va chét héa rén. Cac
nhya epoxy bao gom nhiéu nhya epoxy da chirc, nghia 1a, cic nhya epoxy c6
hai hodc nhiéu nhém epoxy. Cac chit hoa rén bao gdm cic hop chét c6 hai

hodc nhiéu nhom chirc phan Gng v4i cdc nhém epoxy trong nhya epoxy. Trong
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s§ céc ché pham co thé hoa rin dugc nhu vay, ché phdm str dung chét hoa rin
trén co so thiol 1am chét hoa rén dugc biét 1a héa ran trong mot thoi gian ngén
hop ly ngay cd trong céc didu kién nhiét do thap nhu tir 0°C dén -20°C. Céc
chit héa rén trén co s& thiol bao gdm cac hop chét c6 hai hodc nhiéu nhém
thiol, nghia 1a, cac hop chét thiol da chirc. Céc tai lidu sang ché 1 va 2 boc 10

c4c vi du vé cac ché pham c6 thé hoa ran dugc nhu vay.

Ché phim nhua epoxy tao ra san phadm hoa rén cé céc tinh chét khac
nhau phu thudc vao thanh phén cta né. Vé diéu nay, phu thudc vao viéc st
dung du dinh cta ché phém c6 thé héa rén dugc v.v., trong mot ) truong hop
c6 thé khong mong muén 6 nhiét do chuyén hoéa thiy tinh (T,) cao, ké ca, vi
du, khi ché phdm c6 thé héa rén dugc duge sit dung dé ghép ndi hai linh kién,

mdi linh kién duoc 1am bang vat lidu khic nhau.

Do nhiét d6 xung quanh bd phan dugc tao ra bang cach ghép nbi hai
linh kién v6i nhau, mdi linh kién duoc 1am bing vét liéu khac nhau, bang chat
két dinh, céc ung suit nhiét khac nhau duoc tao ra trong mdi linh kién trong s6
céc linh kién nay, phu thudc vao hé sé gidn n nhiét cia vt ligu. Cac Umg suat
nhiét nay khong thé duoc triét tidu vi ching khong dong nhat do sy chénh léch
vé hé sb gidn né nhiét, dan dén su bién dang ctia b phan nay. Ung suét giy ra
béi su bién dang nay tac dong dic biét dén chd ma cac linh kién nay duoc ghép
ndi v6i nhau, nghia 13, san pham héa rén cua chét két dinh, va trong mot sb
trudng hop diéu nay dan dén su hinh thanh cta vét nat hodc van dé tuong tu
trong san phdm hoa ran. C4c vét nit nhu vy bi gdy ra dé dang hon dic biét 1a
khi san phim héa rén gion va c6 dé mém déo kém. Do d6, céc chat két dinh dé
ghép ndi cac linh kién duoc 1am bang cac vat lidu khdc nhau can phai c6 do

mém déo (mddun dan hoi thap) sau khi dugc héa ran cho phép né thich tng
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véi su bién dang ctia bo phan nay do su gifin nd nhiét cla céc linh kién. Dicu
nay doi héi T, cua san phim hoa ran thip & mic vira phai.

Tai liéu sang ché 3 boc 16 cac ché phdm nhya epoxy hoa ran trong mot
thoi gian ngén ngay ca trong céc didu kién nhiét do thip dé tao ra san phédm
hoéa rén co T, thap.

Tai liéu trich dan
Céc tai liéu sang ché
Tai liéu séng ché 1: Pon yéu cdu cép bang doc quyén séng ché Nhat

ban sb 06-211969

Tai liéu sang ché 2: Pon yéu cdu cip bang doc quyén séng ché Nhat

ban s6 06-211970
Tai liéu sang ché 3: WO 2012/093510
Céc van d& cin duoc giai quyét béi sang ché

Tuy nhién, c6 mot vAn dé vé6i cac ché pham nhua epoxy duoc md ta
trong cac tai liu sang ché 1 va 2 da néu & trén; cac ché pham nhua epoxy nay
c6 dd nhét khong du thip dé sir dung trong linh kién dién tir. Mat khac, c6 mot
véAn d& véi ché phdm nhuya epoxy duge md ta trong tai liéu sang ché 3; mic du
ché phdm nhya epoxy tao ra san phim hoéa rén c6 Ty thap, nhung san pham hoéa

ran nay c6 do bén cdt thap.

Mot vi du v& bién phap dé cai thién d6 bén co hoc cta san pham hoéa
rdn thu dugc bang cach héa rén ché phdm nhua c6 thé héa rén duoc 1a bd sung
vao ché phdm nhua c6 thé hoa rin duoc chit don thich hop nhu chat don silic
oxit. Viéc bd sung chit don ciing c6 loi trong viéc cai thién tré khang tudn
hoan nhiét cia san phdm hoéa rén. Tuy nhién, sy ting do nhét cua ché phim
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nhyua c6 thé hoa ran dugc do viée bod sung chat don c6 thé gidi han cac ung

dung cua nd.

Vi viéc tiéu hinh hoa cac linh kién dién tir va cdc mddun trong nhiing
nim gan ddy, céc ché phidm nhya cé thé hoa rén dugc thuong duge 4p dung
cho céc vung rat nho, va thiét bi phan phdi phun tia thuong duoc sir dung cho
muc dich nay. Ung dung véi thiét bi phan phdi phun tia doi héi rang ché pham
nhua c6 thé hoéa ran duoc c6 dd nhét tuong déi thap, va dé ddi pho véi céac khe
hep, can thiét dam bao do 16ng bang cach 1am giam dd nhét. Tuy nhién, c6 cac
v&n d& v6i cac ché phdm nhua c6 thé héa rén duge c6 d nhot ting do viée bo
sung chit don; khé 4p dung chung véi thiét bi phan phéi phun tia, va, trong céc

khe hep, mutc do 16ng cin thiét khong thé dat dugc.
Ban chit k§ thuit clia sing ché

Sang ché d3 dugc thuc hién do céc van dé néu trén, va muc dich cia
sang ché 13 dé xuat ché pham nhua epoxy c6 do nhdt thap, hoa rén trong mot
thdi gian ngén ngay cé trong céc didu kién nhiét d6 thip, va tao ra, khi héa rén,
san phim hoéa rin c6 nhiét do chuyén hoéa thiy tinh (Tg) thdp va do bén cét
vuot troi, va chét gén chtra ché phém nay. Mot muc dich khéac cua sang ché 1a
dé xuit san pham hoéa rdn thu dugc bing cach hoa ran ché phdm nhua epoxy
hodc chit gédn. Mot muc dich khéc nita cua sang ché 1a dé xuét linh kién dién tir
chira san phdm hoa rin nay.

Giai phap dé giai quyét van dé

Trong céc truong hop nay, tic gia sang ché da thuc hién nghién clu
chuyén sau dé phat trién ché pham co thé héa rén duoc ma héa rén trong mot
khoang thoi gian ngén ngay ca trong cac didu kién nhiét do thap dé tao ra san

phim héa ran khong chi c6 T, thap ma con ¢6 do ben cdt vuot troi. Két qua la,
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ngac nhién khi da phat hién ra rang T, ban dAu ctia san phdm hoa ran thu duge
tré nén thip ¢ muc vira phai, néu chét didu chinh mét do6 lién két ngang chira
nhua epoxy don chirc duge st dung lam thanh phin ctia ché phim c6 thé héa
rén duoc ngodi chét hoa rén trén co s thiol va nhua epoxy, va s6 (s6 luong)
cta cdc nhom thiol va cac nhdm epoxy dugc chira trong ching dugc diéu chinh
dé théa man cac mdi quan hé duge xac dinh trude. Téc gia sdng ché d3 phat
hién thém rang viéc bd sung cht don nhét dinh cho phép san phim héa rén tao
ra thé hién do bén cit cai thién ma khéng lam tdng qua muc d¢ nhét cla ché
phim c6 thé héa rén duoc. Duya trén céc phéat hién méi néu trén, sang ché da

duoc hoan thanh.

Nhu vay, sang ché bao gdm, nhung khong bi gidi han &, cac sang ché

sau day.

1. Ché phdm nhuya epoxy chta cdc thanh phan tir (A) dén (E) duéi
day:

(A) it nhit mot chét héa rn trén co s thiol chira hop chét thiol da
chirc ¢6 ba hogc nhiéu nhém thiol;

(B) it nhat mot nhua epoxy da chirc;

(C) it nhat mot chét didu chinh mat d6 lién két ngang chira nhua epoxy

don chuec;

(D) chét xuc tac hoa ran; va

(E) chét don silic oxit ¢6 kich thudc hat trung binh nhé hon hofic bang
5,0um;

trong d6 ty so ([lwong duong lugng nhém chirc epoxy]/[lugng duong

luong nhém chire thiol]) cua tong lugng duwong lugng nhém chirc epoxy d6i
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v6i cac thanh phan (B) va (C) véi lugng duong luong nhém chie thiol ddi voi

thanh phan (A) 16n hon hodc bing 0,70 va nhé hon hogc bang 1,10; va

trong d6 luong theo mol cta thanh phén (C) so véi tdng sb cua lugng
theo mol cta thanh phéan (B) va luong theo mol ctia thanh phén (C) nim trong

khoang tir 25 dén 70%;

ché phidm nhya epoxy c6 do nhdt & 30°C thdp hon hoic béng
2000mPa-s.

2. Ché phdm nhya epoxy theo muyc 1 néu trén, trong d6 luong thanh
phan (E) nam trong khoang tir 15 dén 50% khéi luong so véi toan bd trong
luong cua ché phidm nhua epoxy.

3. Ché phdm nhua epoxy theo muyc 1 hodc 2 néu trén, trong d6 thanh
phan (C) bao gdm nhuya epoxy don chirc thom.

4. Chét gin chua ché phdm nhua epoxy theo muc bat ky trong s cac
muc tir 1 dén 3 néu trén.

5. San phdm hoéa rén thu duoc bang cach héa ran ché phdm nhua
epoxy theo muc bét ky trong sé cac muc tir 1 dén 3 néu trén hodc chét gin theo
muc 4 néu trén.

6. Linh kién dién t&r chtra san phém héa rén nay theo muc 5 néu trén.
MG ta chi tiét sang ché

Duéi day, sang ché s& dugc md ta chi tiét.

Nhu d3 néu & trén, ché phim nhya epoxy (ché pham co thé héa rén
duoc) theo sang ché bao gém, lam cac thanh phan cht yéu, chat hoa rin trén co
s& thiol (thanh phan (A)), nhua epoxy da chiic (thanh phan (B)), chat diéu

chinh mat dé lién két ngang (thanh phan (C)), chit xtc téc héa rén (thanh phan
-7-
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(D)), v chit dén silic oxit (thanh phan (E)). C4c thanh phan tir (A) dén (E) s&

dugc mo ta dudi day.

Theo céch st dung théng thudng trong linh vuc nhya epoxy, cac thuat
ngit chira thudt ngt “nhya” trong cac hoan canh binh thuong dung dé chi
polyme (cu thé 13, polyme téng hop), c6 thé dugc st dung & day dé chi thanh
phén tao nén ché phdm nhua epoxy chua hoa ran, ngay ca néu thanh phéan nay

khong phai 1a polyme.
(1) Chét héa rén trén co s& thiol (thanh phén (A))

Chét hoa rén trén co sé thiol (thanh phan (A)) dugc st dung trong
sang ché bao gbm it nhat mot hop chit thiol da chic c6 ba hodc nhidu nhém
thiol phan g véi cic nhdm epoxy trong nhua epoxy da chire (thanh phén (B))
va chét didu chinh mat d6 lién két ngang (thanh phan (C)) dugc md ta dudi day.
Thanh phin (A) tét hon 13 bao gdm hgp chét thiol c6 ba nhém chirc va/hodc
bbén nhém chae. Tét hon 13, duong lugng thiol ndm trong khoang tir 90 dén
150g/duong luong, t6t hon nita 12 tir 90 dén 140g/duong lugng, va con t5t hon
nita 14 tir 90 dén 130g/duong lugng. Cén luu y rang cac hop chét thiol c6 ba
nhém chite va bdn nhém chie, twong tng, ding dé chi cac hop chét polythiol

¢6 ba va bdn nhém thiol.

Theo mdt phuong an cua sang ché, tir gbc do cai thién tinh chéng 4m
clia san phim héa ran, tot hon 14 sir dung thanh phén (A) chtra hop chét thiol
da chirc khong thty phan duge ma khong ¢ cdu triic cé thé thiy phan mot
phan nhu lién két este. Cac hop chét thiol da chic khong thiy phan dugc
khong d& dang bi thiry phan ngay cé trong cdc moi trudong nhiét d6 cao va do
am cao.

Theo mdt phuong an khéc cua sang ché, thanh phan (A) bao gdm hop
8
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chét thiol c6 lién két este trong phan tt va hop chét thiol khong c6 lién két este
trong phén tir. Ngoai ra, tir goc d lam giam Ty, t6t hon 1a thanh phan (A) bao

gdm nhya thiol khéng c6 lién két ure.

Céc vi du v& céc hop chét thiol da chirc c¢6 thé thuy phan bao gbm
trimetylolpropan tris(3-mercaptopropionat) (TMMP; dugc san xuét boi SC
Organic Chemical Co., Ltd.), tris[(3-mercaptopropionyloxy)-etyl]-isoxyanurat
(TEMPIC; dugc san xuat bdi SC Organic Chemical Co., Ltd.), pentaerythritol
tetrakis(3-mercaptopropionat) (PEMP; dugc san xuét béi SC Organic
Chemical Co., Ltd.), tetraetylenglycol bis(3-mercaptopropionat) (EGMP-4;
duoc san xuit bai SC Organic Chemical Co., Ltd.), dipentaerythritol
hexakis(3-mercaptopropionat) (DPMP; dugc san xuét boi SC Organic
Chemical Co., Ltd.), pentaerythritol tetrakis(3-mercaptobutyrat) (Karenz MT®
PE1; duoc san xuét béi Showa Denko K.K.), 1,3,5-tris(3-
mercaptobutyryloxyetyl)-1,3,5-triazin-2,4,6(1H,3H,5H)-trion (Karenz MT®

NR1; Showa Denko K.K.) va hop chét tuong tu.

Céc hop chét thiol da chirc khong thity phan dugc dugc uu tién ma co
thé dugc st dung trong sing ché 13 céac hop chit duoc biéu thi bdi cong thirc
(1) dudi day:

R3 RS
\ R
NN,
o= =0 (1)
N
R4 R R6

trong do:
R! va R%, mdi nhém, doc lap duoc chon tir nhém bao gém

nguyén t& hydro, nhém alkyl hodc nhéom phenyl ¢6 1 dén 12 nguyén
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tlr cacbon; va

R3, R%, R’ va R% mdi nhém, ddc 1ap duge chon tir nhém bao
gdm nhém mercaptometyl, nhém mercaptoetyl va nhom

mercaptopropyl.

Céc vi du v& cac hop chét duoc bidu thi béi cong thire (1) bao gdm
1,3,4,6-tetrakis(2-mercaptoetyl)glycoluril (tén thwong mai: TS-G, dugc san
xuét bai Shikoku Chemicals Corporation), 1,3,4,6-tetrakis(3-
mercaptopropyl)glycoluril (tén thuong mai: C3 TS-G, duoc san xuét boi
Shikoku Chemicals Corporation), 1,3,4,6-tetrakis(mercaptometyl)glycoluril,
1,3,4,6-tetrakis(mercaptometyl)-3a-metylglycoluril, 1,3,4,6-tetrakis(2-
mercaptoetyl)-3a-metylglycoluril, 1,3,4,6-tetrakis(3-mercaptopropyl)-3a-
metylglycoluril, 1,3,4,6-tetrakis(mercaptometyl)-3a,6a-dimetylglycoluril,
1,3,4,6-tetrakis(2-mercaptoetyl)-3a,6a-dimetylglycoluril, 1,3 ,4,6-tetrakis(3-
mercaptopropyl)-3a,6a-dimetylglycoluril, 1,3,4,6-tetrakis(mercaptometyl)-
3a,6a-diphenylglycoluril, 1,3,4,6-tetrakis(2-mercaptoetyl)-3a,6a-
diphenylglycoluril, 1,3,4,6-tetrakis(3 -mercaptopropyl)-3 a,ba-
diphenylglycoluril va hgp chét twong tu. Chiing c6 thé duogc st dung mot minh
hodc & dang phdi hop ctia hai hozc nhiéu hop chat. Trong s6 ching, 1,3,4,6-
tetrakis(2-mercaptoetyl)glycoluril va 1,3,4,6-tetrakis(3-

mercaptopropyl)glycoluril 1a dugc uu tién ddc biét.

Céc hop chét thiol da chitrc khong thiy phan dugc duge uu tién khac
ma ¢6 thé duge st dung trong sang ché 1a c4c hop chét dugc biéu thi boi cong
thie (2) dudi day:

(R®)m-A-(R7-SH)n (2)

trong do:
-10-
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A 13 gbc cta ruou polyhydric ¢6 n+tm nhém hydroxyl, va

bao gdm n+m nguyén tir oxy dugc tao dan xuét tir nhém hydroxyl,

mdi nhém R7, doc lap, 1a nhém alkylen c6 tir 1 dén 10

nguyén tir cacbon,

mbi nhom R, doc 14p, 12 nguyén tir hydro hodc nhom alkyl

¢ tir 1 dén 10 nguyén tir cacbon,
m 1& s6 nguyén 16n hon hogc bang 0,
n 13 sé nguyén 16n hon hoic bang 3,

R7 va R®, mo6i nhém, dugc lién két voi A qua mdt trong sO

cac nguyeén tu oxy.

Hai hodc nhidu hop chat duoc biéu thi boi cong thic (2) c6 the dugc
st dung phdi hop. Céc vi du vé cac hop chat dugc biéu thi boi cong thirc (2)
bao gdm pentaerythritol tripropanthiol (tén thuong mai: PEPT, dugc sén Xuét
boéi SC Organic Chemical Co., Ltd.), pentaerythritol tetrapropanthiol, va hop
chét tuong tu. Trong s ching, pentaerythritol tripropanthiol 1a dugc uu tién
dac biét.

D4i véi hop chét thiol da chirc khong thily phan duoc, cac hop chét
polythiol c6 ba hoéac nhidu nhém chite c6 hai hodc nhiu lién két sulfua trong
phan tir ¢6 thé cling dugce st dung. Céc vi du vé céc hop chéat thiol nhu vay bao
gdm cac hop chét polythiol béo nhu 1,2,3-tris(mercaptometylthio)propan,
1,2,3-tris(2-mercaptoetylthio)propan, 1,2,3-tris(3-mercaptopropylthio)propan,
4-mercaptometyl-1,8-dimercapto-3,6-dithiaoctan, 5,7-dimercaptometyl-1,11-
dimercapto-3,6,9-trithiaundecan, 4,7-dimercaptometyl-1,11 -dimercapto-3,6,9-

trithiaundecan, 4,8-dimercaptometyl-1,11-dimercapto-3,6,9-trithiaundecan,
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tetrakis(mercaptometylthiometyl)metan, tetrakis(2-
mercaptoetylthiometyl)metan, tetrakis(3-mercaptopropylthiometyl)metan,
1,1,3,3-tetrakis(mercaptometylthio)propan, 1,1,2,2-
tetrakis(mercaptometylthio)etan, 1,1,5,5-tetrakis(mercaptometylthio)-3-
thiapentan, 1,1,6,6-tetrakis(mercaptometylthio)-3,4-dithiahexan, 2,2-
bis(mercaptometylthio)etanthiol, 3-mercaptometylthio-1,7-dimercapto-2,6-
dithiaheptan, 3,6-bis(mercaptometylthio)-1,9-dimercapto-2,5,8-trithianonan, 3-
mercaptometylthio-1,6-dimercapto-2,5-dithiahexan, 1,1,9,9-
tetrakis(mercaptometylthio)-5-(3,3-bis(mercaptometylthio)-1-thiapropyl) 3,7-
dithianonan, tris(2,2-bis(mercaptometylthio)etyl)metan, tris(4,4-
bis(mercaptometylthio)-2-thiabutyl)metan, tetrakis(2,2-
bis(mercaptometylthio)etyl)metan, tetrakis(4,4-bis(mercaptometylthio)-2-
thiabutyl)metan, 3,5,9,11-tetrakis(mercaptometylthio)-1,13-dimercapto-
2,6,8,1 2-tetrathiatridecan, 3,5,9,11,15,17-hexakis(mercaptometylthio)-1,19-
dimercapto-2,6,8,12,14,18-hexathianonadecan, 9-(2,2-
bis(mercaptometylthio)etyl)-3,5,13,15-tetrakis(mercaptometylthio)-1,17-
dimercapto-2,6,8,10,12,16-hexathiaheptadecan, 3,4,3,9-
tetrakis(mercaptometylthio)-1,11-dimercapto-2,5,7,10-tetrathiaundecan,
3,4,8,9,13,14-hexakis(mercaptometylthio)-1,16-dimercapto-2,5,7,10,12,15-
hexathiahexadecan, 8-[bis(mercaptometylthio)metyl]-3,4,12,13-
tetrakis(mercaptometylthio)-1,15-dimercapto-2,5,7,9,11,14-
hexathiapentadecan, 4,6-bis[3,5-bis(mercaptometylthio)-7-mercapto-2,6-
dithiaheptylthio]-1,3-dithian, 4-[3,5-bis(mercaptometylthio)-7-mercapto-2,6-
dithiaheptylthio]-6-mercaptometylthio-1,3-dithian, 1,1-bis[4-(6-
mercaptometylthio)-1,3-dithianylthio]-1,3-bis(mercaptometylthio)propan, 1-[4-
(6-mercaptometylthio)-1,3-dithianylthio]-3- [2,2-bis(mercaptometylthio)etyl]-
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7,9-bis(mercaptometylthio)-2,4,6,10-tetrathiaundecan, 3-[2-(1,3-
dithietanyl)Jmetyl-7,9-bis(mercaptometylthio)-1,11-dimercapto-2,4,6,10-
tetrathiaundecan, 9-[2-(1,3-dithietanyl)]metyl-3,5,13,15-
tetrakis(mercaptometylthio)-1,17-dimercapto-2,6,8,10,12,16-
hexathiaheptadecan, 3-[2-(1,3-dithietanyl)|metyl-7,9,13,15-
tetrakis(mercaptometylthio)-1,17-dimercapto-2,4,6,10,12,16-
hexathiaheptadecan va hop chét tuong tu; va céac hop chét polythiol c6 cAu tric
vong nhu 4,6-bis[4-(6-mercaptometylthio)-1,3-dithianylthio]-6-[4-(6-
mercaptometylthio)-1,3-dithianylthio]-1,3-dithian, 4-[3,4,8,9-
tetrakis(mercaptometylthio)-11-mercapto-2,5,7,10-tetrathiaundexyl]-5-
mercaptometylthio-1,3-dithiolan, 4,5-bis[3,4-bis(mercaptometylthio)-6-
mercapto-2,5-dithiahexylthio]-1,3-dithiolan, 4-[3 ,4-bis(mercaptometylthio)-6-
mercapto-2,5-dithiahexylthio]-5-mercaptometylthio-1,3 -dithiolan, 4-[3-
bis(mercaptometylthio)metyl-5,6-bis(mercaptometylthio)-8-mercapto-2,4,7-
trithiaoctyl]-5-mercaptometylthio-1,3-dithiolan, 2-{bis[3,4-
bis(mercaptometylthio)-6-mercapto-2,5-dithiahexylthio]metyl1}-1,3-dithietan,
2-[3,4-bis(mercaptometylthio)-6-mercapto-2,5-
dithiahexylthio]mercaptometylthiometyl-1,3-dithietan, 2-[3,4,8,9-
tetrakis(mercaptometylthio)-11-mercapto-2,5,7,10- |

tetrathiaundexylthio Jmercaptometylthiometyl-1,3-dithietan, 2-[3-
bis(mercaptometylthio)metyl-5,6-bis(mercaptometylthio)-8-mercapto-2,4,7-
trithiaoctylJmercaptometylthiometyl-1,3-dithietan, 4-{1-[2-(1,3-dithietanyl)]-3-
mercapto-2-thiapropylthio}-5-[1,2-bis(mercaptometylthio)-4-mercapto-3-

thiabutylthio]-1,3-dithiolan va hop chét tuong tu.

(2) Nhya epoxy (thanh phan (B))
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Nhua epoxy (thanh phan (B)) dugc st dung trong séng ché khong bi
gidi han cu thé mién 1a n6 bao gdm it nhat mot nhya epoxy da chie. Vi thé, cac
nhya epoxy thong thuong duoc st dung thuong co6 thé duoc str dung cho thanh
phéan (B). Nhu d& néu & trén, nhya epoxy da chtc ding dé chi nhua epoxy co
hai hogic nhidu nhém epoxy. Theo mét s6 phuong 4n clia séng ché, thanh phan

(B) bao gébm nhua epoxy c6 hai nhém chie.

Céc nhua epoxy da chirc dugc phén loai dai khai thanh cdc nhya

epoxy da chirc béo va cac nhua epoxy da chirc thom.

Céc vi du vé céc nhua epoxy da chirc béo bao gdm, nhung khong chi
gidi han 6:
- c4c nhua diepoxy nhu (poly)etylen glycol diglyxidyl ete, (poly)propylen
glycol diglyxidyl ete, butandiol diglyxidyl ete, neopentyl glycol diglyxidyl ete,
1,6-hexandiol diglyxidyl ete, trimetylolpropan diglyxidyl ete, polytetrametylen
ete glycol diglyxidyl ete, glyxerin diglyxidyl ete, neopentyl glycol diglyxidyl
ete, cac diglyxidyl ete trén co s& xyclohexan, va céc diglyxidyl ete trén co s¢

dixyclopentadien;

- c4c nhua triepoxy nhu trimetylolpropan triglyxidyl ete, va glyxerin

triglyxidyl ete;

- c4c nhua epoxy vong béo nhu vinyl (3,4-xyclohexen)dioxit, 2-(3,4-

epoxyxyclohexyl)-5,1-spiro-(3,4-epoxyxyclohexyl)-m-dioxan;

- c4c nhua epoxy trén co s& glyxidylamin nhu tetraglyxidyl

bis(aminometyl)xyclohexan;

- cac nhua epoxy trén co s¢ hydantoin nhu 1,3-diglyxidyl-5-metyl-5-

etylhydantoin; va
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- c4c nhua epoxy c6 truc chinh silicon nhu 1,3-bis(3-glyxidoxypropyl)-1,1,3,3-

tetrametyldisiloxan.

Trong céc vi du néu trén, “diglyxidyl ete trén co s& xyclohexan” dung
dé chi hop chét c6 cu tric trong dé hai nhém glyxidyl dugc lién két, mdi
nhém qua lién két ete, véi nhém hydrocacbon no hda tri hai c6 mot vong
xyclohexan lam chu trac me. “Diglyxidyl ete trén co s¢ dixyclopentadien”
dung dé chi hop chét c6 cdu tric trong d6 hai nhom glyxidyl dugc lién két, mdi
nhém qua lién két ete, v6i nhom hydrocacbon no héa tri hai c6 khung
dixyclopentadien lam cAu tric me. Tt hon 13, nhua epoxy da chirc béo ¢
duong luong epoxy nim trong khoang tr 90 dén 450g/duong lugng. Dbi voi
diglyxidyl ete trén co s& xyclohexan, xyclohexan dimetanol diglyxidyl ete la

dic biét dugc uu tién.

Theo mot sd phuong 4n ciia sang ché, thanh phan (B) bao gbébm nhua
epoxy da chuc béo. Néu nhya epoxy da chirc béo duoc str dung cho thanh phén
(B), tét hon 14 thanh phan (A) dugc sir dung phéi hop bao gdm hop chét thiol
¢6 ba nhém chitc hogic hop chét thiol ¢6 bon nhém chirc ¢6 khung glycoluril
hodc khung isoxyanuric. Tét hon 14, ty sb ([lugng duong lugng nhém chirc
epoxy]/[luong duong lugng nhém chie thiol]) cua lugng duong luong nhom
chirc epoxy cta nhua epoxy da chirc béo voi hop chét thiol c6 khung glycoluril

hodc khung isoxyanuric nim trong khoéang tir 0,40 dén 0,85.

Theo mét s6 phuong 4n cla sdng ché, thanh phan (A) bao gbém hop
chét thiol c6 ba nhém chire hodc hop chét thiol c6 bén nhém chire ¢6 khung
glycoluril hodc khung isoxyanuric. Néu hop chét thiol c6 ba nhém chirc hodc
hop chét thiol ¢c6 bdn nhom chire ¢6 khung glycoluril hodc khung isoxyanuric

duoc sir dung cho thanh phan (A), tdt hon 12 st dung, cho thanh phén (B),
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diglyxidyl ete trén co s& xyclohexan hodc nhua epoxy c6 truc chinh silicon. Cu
thé 13, 1,4-xyclohexandimetanol diglyxidyl ete hodc 1,3-bis(3-

glyxidoxypropyl)-1,1,3,3-tetrametyldisiloxan t6t hon 13 duoc sir dung.

Theo céch khac, theo mot s6 phuong 4n cia sang ché, thanh phén (A)
bao gdm hop chét thiol ¢6 ba nhém chirc hodc hop chét thiol c6 bén nhém
chirc ma khong c6 khung glycoluril hodc khung isoxyanuric (cu thé 13, hop
chét thiol c6 ba nhém chtc hodic hop chét thiol c6 bdn nhém chire cé truc
chinh polyete, truc chinh polysulfua, hodc truc chinh polyeste). Pé didu chinh
T, dén khoang mong mudn, téng luong clia nhya epoxy da chirc béo va hop
chét thiol c6 ba nhém chire hodc hop chét thiol c6 bdn nhém chire ma khong ¢6
khung glycoluril hodc khung isoxyanuric so véi ché pham nhwa epoxy t6t hon
1a 16n hon hodic bing 20% khéi luong va nhé hon hodc bing 55% khéi lugng,
t6t hon nira 1 1én hon hodc bing 20% khdi lugng va nhé hon hodc bang 50%

khéi lugng.

Céc nhua epoxy da chirc thom 1a cac nhya epoxy da chire c6 cAu tric
chtra vong thom nhu vong benzen. Co nhiéu nhua epoxy thudc loai nay thuong
duoc st dung thuong xuyén, nhu cdc nhya epoxy trén co so bisphenol A. Cac

vi du vé cac nhua epoxy da chtrc thom bao gbm, nhung khong chi gi6i han ¢:
- c4c nhua epoxy trén co sé bisphenol A;

- c4c nhua epoxy trén co s& bisphenol A da chirc c6 mach nhanh nhu p-

glyxidyloxyphenyldimetyl trisbisphenol A diglyxidyl ete;
- c4c nhya epoxy trén co sd bisphenol F;
- cdc nhya epoxy trén co sd novolac;

- c4c nhua epoxy trén co so tetrabromobisphenol A;
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- c4c nhua epoxy trén co s¢ fluoren;
- cac nhua biphenyl aralkyl epoxy;
- c4c nhya diepoxy nhu 1,4-phenyldimetanol diglyxidyl ete;

- c4c nhya epoxy trén co s& biphenyl nhu 3,3”,5,5’-tetrametyl-4,4’-

diglyxidyloxybiphenyl;

- c4c nhya epoxy trén co s& glyxidylamin nhu diglyxidylanilin,
diglyxidyltoluidin, triglyxidyl-p-aminophenol, tetraglyxidyl-m-xylylendiamin;

va
- c4c nhua epoxy chtra vong naphtalen.

Tu géc dd kha ndng tuong hop voi cac hop chét thiol, dugc wu tién
hon nita 13 thanh phan (B) bao gdm nhuya epoxy da chirc thom thay vi nhya
epoxy da churc béo. Ddi v6i nhua epoxy da chire thom, cac nhya epoxy trén co
s& bisphenol F, cac nhyua epoxy trén co sé bisphenol A, va cac nhya epoxy trén
co s& glyxidylamin la dugc wu tién, va trong s ching, cac nhua c6 duong
luong epoxy ndm trong khoang tir 90 dén 200g/duong luong 13 duge uvu tién
dac biét, va cdc nhya c6 duong luong epoxy nam trong khoang tir 110 dén

190g/duong lugng 1a dugce uu tién nhét.

Néu nhua epoxy da chitrc thom duge sir dung cho thanh phan (B),
thanh phan (A), dugc sit dung phéi hop, t6t hon 1a bao gdm hop chét thiol ¢6
ba nhém chirc hodc hop chat thiol ¢ bdn nhém chire ¢ truc chinh polyete,
truc chinh polysulfua, hodc truc chinh polyeste. Ty sd ([lugng duong luong
nhém chitc epoxy]/[lugng dwong lugng nhom chuc thiol]) cta lugng duong
lwong nhém chitc epoxy cta nhya epoxy da chire thom véi hop chat thiol c6

truc chinh polyete, truc chinh polysulfua, hodc truc chinh polyeste t6t hon 1a
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nam trong khoang ttr 0,30 dén 1,10. Hon nita, néu hop chét thiol ¢4 ba nhém
chirc hodc hop chét thiol ¢6 bdn nhom chtre ¢é truc chinh polyete, truc chinh
polysulfua, hodc truc chinh polyeste dugc st dung cho thanh phén (A), tot hon
14 stt dung it nhat mot trong s6 nhyua epoxy trén co s& biphenol A, nhya epoxy

trén co s& biphenol F va nhya epoxy chira vong naphtalen.

Hon nita, d& diéu chinh T, dén khoang mong mudn, tdng luong cla
c4c nhua epoxy thom (céc nhya epoxy thom don chirc va da chirc) va hop chat
thiol c6 ba nhom chic hodc hop chét thiol c6 bdn nhém chirc cé khung
glycoluril hodc khung isoxyanuric so voi ché phdm nhua epoxy t6t hon 12 16n
hon hodc bang 45% khdi lugng va nhé hon hodc bing 80% khdi luong, t5t hon
nita 14 16n hon hodic bing 50% khdi lugng va nhd hon hodc bang 80% khoi

lugng.
(3) Chét didu chinh mat do lién két ngang (thanh phan (C))

Chét didu chinh mat d3 lién két ngang (thanh phan (C)) dugc sir dung
trong séng ché khong bi gi6i han cu thé mién 12 né bao gom it nhat mot nhua
epoxy c¢6 mot nhom chire. Nhya epoxy don chirc la nhya epoxy c6 mot nhom
epoxy, va thuong dugc str dung lam chét pha lodng phan mg dé diéu chinh do
nhét ctia ché phdm nhua epoxy. C4c nhua epoxy don chirc dugce phén loai dai
khai thanh céc nhua epoxy don chitc béo va cac nhya epoxy don chic thom.
Tur gbc d6 kha nang bay hot, t5t hon 1a thanh phan (C) c¢6 duong lugng epoxy
ndm trong khoang tir 180 dén 400g/duong luong. Theo sang ché, t6t hon 1a
thanh phan (C) bao gbém nhua epoxy don chirc thom tir cac goc do do nhot va
kha ning bay hoi thdp. Hon nita, tt hon 1a thanh phan (C) vé co ban 1a nhua

epoxy don chtrc thom.

Céc vi du vé cac nhua epoxy don chirc thom ma cé thé dugc chira
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trong thanh phan (C) bao gdm, nhung khdng chi gidi han &, phenyl glyxidyl
ete, cresyl glyxidyl ete, p-s-butylphenyl glyxidyl ete, styren oxit, p-tert-
butylphenyl glyxidyl ete, o-phenylphenol glyxidyl ete, p-phenylphenol
glyxidyl ete, N-glyxidyl phtalimit, va nhya twong tu. Trong sb chung, p-tert-
butylphenyl glyxidyl ete va phenyl glyxidyl ete la dugc vu tién, va p-tert-
butylphenyl glyxidyl ete 1a dac biét duge uu tién. Céc vi dy vé cac nhua epoxy
don chtic béo bao gdm, nhung khong chi gidi han 6, n-butyl glyxidyl ete, 2-
etylhexyl glyxidyl ete, a-pinen oxit, alyl glyxidyl ete, 1-vinyl-3,4-
epoxyxyclohexan, 1,2-epoxy-4-(2-metyloxiranyl)-1-metylxyclohexan, 1,3-
bis(3-glyxidoxypropyl)-1,1,3,3-tetrametyldisiloxan, glyxidyl este cua axit

neodecanoic va nhua tuong tu.
(4) Chét xtc tac hoa rén (thanh phan (D))

Chét xtc tac hoéa rén (thanh phan (D)) dugc st dung trong sang ché
khong bi gii han cu thé mién 1a n6 dung nhu 13 chit xtc tac héa rén doi voi
nhua epoxy (thanh phén (B) & trén), va cac chit da biét trong linh vuc nay co
th duoc str dung. T4t hon, néu thanh phan (D) 1a chét xtic tac hoa rén 4n. Chét
xic tac héa rn 4n 1a hop chét khong hoat dong & nhiét do trong phong va dugce
hoat hoa khi gia nhiét dé co6 chire nang 1a chét xtc tac hoa rén, va cac vi du bao
gdm cac hop chét imidazol 1 chét rdn & nhiét d§ trong phong; cac chét xuc tac
hoa rén An trén co s& san phdm cong amin loai phén tan rin nhu san pham phan
ung cta hop chét amin va hop chat epoxy (hé san pham cdng amin-epoxy); san
phdm phan tng ctia hgp chét amin va hop chét isoxyanat hodc hop chét ure (hé
san phdm cong ure); va chét tuong tu. Viéc st dung thanh phan (D) & trén cho
phép ché phdm nhua epoxy theo sing ché duogc hoa rén trong mot thoi gian

ngén ngay cé trong cac diéu kién nhiét do thép.
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Céc vi du thong thudng vé cac san pham xuc tac hoa rén 4n hién c6
sin trén thi trudng bao gém, nhung khéng chi gi6i han &, cac san phém trén co
s& san phdm cong amin-epoxy (c4c san pham cdng amin) nhu Ajicure PN-23
(tén thuong mai; Ajinomoto Fine-Techno Co., Inc.), Ajicure PN-40 (tén
thuong mai; Ajinomoto Fine-Techno Co., Inc.), Ajicure PN-50 (tén thuong
mai; Ajinomoto Fine-Techno Co., Inc.), Hardner X-3661S (tén thuong mai,
A.C.R. (K.K.)), Hardner X-3670S (tén thuong mai; A.C.R (K.K.)), Novacure
HX-3742 (tén thuong mai; Asahi Kasei Corp.), Novacure HX-3721 (tén
thwong mai; Asahi Kasei Corp.), Novacure HXA9322HP (tén thuong mai;
Asahi Kasei Corp.), Novacure HXA3922HP (tén thuong mai; Asahi Kasei
Corp.), Novacure HXA3932HP (tén thuong mai; Asahi Kasei Corp.),
Novacure HXA5945HP (tén thuong mai; Asahi Kasei Corp.), Novacure
HXA9382HP (tén thuong mai; Asahi Kasei Corp.), va Fujicure FXR1121 (tén
thuong mai; T & K TOKA Co., Ltd.) va san pham tuong tu; va cdc san pham
cong ure nhu Fujicure FXE-1000 (tén thuong mai; T & K TOKA Co., Ltd.),
Fujicure FXR-1030 (tén thuong mai; T & K TOKA Co., Ltd.) va san phdm
tuong ty. Thanh phan (D) ¢6 thé duge st dung mdt minh hodc ¢ dang phéi hop
cia hai hogc nhidu loai. D4i véi thanh phan (D), chét xtic tac hoa ran an trén co
s& san phém cdng amin loai phén tan rén 1a duoc wu tién tir cac goc do thoi

gian bdo quan trong binh va kha néng hoéa ran.

Thanh phan (D) c6 thé dugc cung cip & dang thé phén tan dugc phin
tan trong nhya epoxy da chuec. Cén luu ¥ rang, néu thanh phan (D) dugc st
dung & dang nhu vay, lugng nhya epoxy da chirc trong d6 né duge phan tan
cling dugc bao gbm trong lugng thanh phan (B) & trén c6 mit trong ché phim

nhua epoxy theo sang ché.
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Trong ché phidm nhua epoxy theo sang ché, cin thiét 13 sé luong
(luong) ctia cac nhom thiol cda thanh phén (A) & trén va s6 luong (lugng) cla
cdc nhom epoxy cua cac thanh phéan (B) va (C) & trén thda mén mbi quan hé
duoc xac dinh trude, va dong thoi, lugng theo mol cta thanh phan (B) & trén
va lugng theo mol cia thanh phén (C) & trén théa man méi quan hé duogc xé4c

dinh trude. Cu thé 13,

(i) Ty sb ([lugng duong lugng nhém chirc epoxy]/[lugng duong luong nhom
chtre thiol]) cua tdng lugng duong lugng nhoém chirc epoxy dbi vé6i cac thanh
phin (B) va (C) & trén véi lugng duong lugng nhém chite thiol doi voi thanh

phn (A) & trén 14 16n hon hodc bing 0,70 va nhd hon hofc bang 1,10; va

(ii) Luong theo mol cua thanh phén (C) & trén so véi tdng s6 cta lugng theo
mol ctia thanh phan (B) & trén va lugng theo mol ctia thanh phan (C) nam trong

khoang tir 25 dén 70%.

Luong duong lugng nhom chire thiol dung dé chi tdng sé luong cua
cée nhém thiol trong hop chét thiol dugc chira trong thanh phan hogc ché pham
quan tam, va la thuong s6 ctia khdi luong (g) cta hop chét thiol duoc chtra
trong thanh phan hodc ché phdm quan tdm chia cho dwong luong thiol ctia hop
chét thiol (néu nhidu hop chét thiol ¢6 mit, thi 12 tong cta thuong so nhu vy
d6i voi mdi hop chét thiol). Puong luong thiol ¢6 thé duge xac dinh béng cach
chuin dd iot. Phuong phap nay dugc biét dén rong rii va dugce boc 19, vi dy,
trong doan 0079 ctia don yéu cau cép bing doc quyén sang ché Nhat ban sb
2012-153794. Néu duong luong thiol khong thé dugc xac dinh bing cach su
dung phuong phap nay, n6é co thé duoc tinh duédi dang thuong s6 cua trong
luong phén tir ciia hop chét thiol dang duoc nghién ciru chia cho s6 luong clia

cac nhom thiol trong mdt phan tir ctia hop chat thiol.
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Luong duong lugng nhom chic epoxy dung dé chi tong sb luong clia
cac nhom epoxy trong nhua epoxy (cdc thanh phan (B) va (C) & trén) duge
chira trong cac thanh phan hodc ché pham, va 1a thuong s6 cua khéi luong (g)
ctia nhya epoxy dugc chira trong céc thanh phan hozc ché phdm quan tdm chia
cho duong luong epoxy cta nhya epoxy (néu nhiéu nhua epoxy c6 mat, thi la
tdng cua thuong sd nhu vay dbi v6i mdi nhua epoxy). Puong lugng epoxy co
thé duoc x4c dinh bing phuong phap duge md ta trong JIS K7236. Néu duong
lugng epoxy khong thé duoc x4c dinh bang cach sir dung phuong phap nay, n6
¢6 thé duoc tinh dudi dang thuong s6 cua trong lugng phén tr clia nhua epoxy
dang dugc nghién curu chia cho s6 luong clia cdc nhdém epoxy trong mdt phéan

tr clia nhua epoxy.

Céc ché phdm nhua epoxy trong d6 cd qué nhidu chit héa ran trén co
s& thiol so véi nhua epoxy tao ra san pham hoéa rin c6 Ty ban dau (nghia 13, T,
ngay sau khi hoa ran) thip, nhu 1a trudng hop voi céc ché pham co thé hoa rén
duoc cla tai lidu sang ché 3. Tuy nhién, nhu & trén, néu c6 qua nhidu chat hoa
rén trén co sé thiol so véi nhua epoxy, c6 nhidu nhém thiol khong phai ing véi
cac nhom epoxy va con lai khong phan Umg trong san pham hoa ran. Piéu nay
khién cho cac san pham hoa rén duoc tao ra bdi cac ché pham nhya epoxy
dugc mo ta trong tai liéu sang ché 3 ¢6 T, ban dAu qué thip va c6 do bén cét
thip. Theo sang ché, ty sb ([lugng duong lugng nhém chirc epoxy]/[luong
duong lugng nhoém chure thiol]) cua téng lugng duong lugng nhém chirc epoxy
dbi v6i cac thanh phin (B) va (C) & trén véi lugng duong lugng nhoém chire
thiol déi v6i thanh phin (A) & trén dugc diéu chinh dén 16n hon hodc béng
0,70 va nho hon hodc bang 1,10, dan dén mat do lién két ngang thich hop, do
d6 cho phép san pham héa rin c6 T, ban d4u cao hon hodc bang 30°C va thp

hon hodc bing 65°C. Piéu nay cho phép do bén cét duoc ting 1én. T4c gia sang
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ché va nhiing ngudi khac di bdc 19, trong tai liéu sang ché 3, céc ché phdm co
thé hoa rén dugc tao ra cac san phdm hoa rin khong bj thay dbi nhiéu vé T, khi
thir nghiém chiu nhiét, nhung tac gia sang ché sau d6 da phat hién ra réng,
trong thr nghiém do tin cay chéng 4m (cu thé 13, trong méi trudong 85°C va
85% trong 100 gid) ddi véi cac ché phidm c6 thé hoa rén duoc nhu vay, su lién
két ngang thém nita cd thé xay ra sau thit nghiém gifta cac nhoém thiol c6 mét
quélﬂﬂéu.iﬁén.uién clia qué trinh lién két ngang nay ém diu hon trong cac
treong hop trong d6 c6 qua nhiéu nhua epoxy so véi chét hoa rén trén co so
thiol, nhung van dan dén sy gia ting T,. Vi thé, theo sang ché, ty s6 ([luong
duong luong nhém chire epoxy]/[luong duong lugng nhém chire thiol]) cta
tdng lugng duong lugng nhém chire epoxy ddi véi cac thanh phan (B) va (C) &
trén v6i lvong duong luong nhom chire thiol dbi voi thanh phan (A) & trén la
16n hon hoic bing 0,70 va nhé hon hogc bang 1,10, tot hon 1a 16n hon hodc
bang 0,75 va nhé hon hodc bing 1,10, va tot hon nita la 16n hon hodc béng
0,80 va nho hon hodc bang 1,05. Trong ché phdm c6 thé héa rin dugc theo
sang ché, do thanh phan (C) & trén bao gdm nhém epoxy c6 tac dung lam giam
cdc nhém thiol khong phan tng, phan tng xay ra giira ching khién cho hau hét
céc nhém thiol khong phan tmg duoc loai trir. Nhya epoxy da chirc duge chira
trong thanh phan (B) & trén c6 chirc ning két ndi hai phan t clia hop chét thiol
da chic duoc chira trong thanh phan (A) & trén, do d6 kéo dai cac mach
polyme hodc tao ra céac lién két ngang gitra cac mach polyme. Do nhua epoxy
don chirc dugc chira trong thanh phén (C) & trén khdng c6 chirc nang nhu vay,
tuy nhién, phan tng gitta thanh phan (A) va thanh phan (C) & trén c6 kha nang
Grc ché sy hinh thanh cta céc lién két ngang méi lam tang T, cla san pham hoa
rén. Vi thé, san phim hoa rén duoc tao ra béi ché pham cé thé héa ran dugc
theo sang ché chi c6 mot lugng nhéd cdc nhom chirc ¢o thé tao ra céc lién két
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ngang méi, v6i két qua 13, ngay ca khi mot thoi gian dai tréi qua sau khi hoa
rén, quan séat thiy T, tang it di kém véi sy hinh thanh cua céac lién két ngang
moi.

San phdm hoéa ran dugc tao ra béi ché phidm nhua epoxy theo sdng ché
c6 do bén cit vuot trdi, cu thé 13 trén mit bam duogc chon tir cac polyme tinh
thé 16ng (liquid crystal polyme, LCP), polycacbonat (polycarbonate, PC),
polybutylen terephtalat (polybutylene terephthalate, PBT), thép khong gi
(SUS), nhéom oxit, niken (bao gdm niken dugc ma trén mot bé mit), va thay
tinh. Ching ¢6 thé duoc xit Iy trude dé xir Iy bé mit, vi dy, bing cach st dung
plasma. Nhu dugc st dung & day, “do bén cét” thong thuong dung dé chi do

bén cat quan sat duge khi mét bam duoc lam bang céc vat liéu nay.

Néu ty sé ([luong duong lugng nhém chirc epoxy]/[lugng duong
lvong nhom chuce thiol]) cua tdng lugng duwong lugng nhém chic epoxy d6i
v6i cac thanh phan (B) va (C) & trén véi luong duong luong nhém chire thiol
d6i v6i thanh phan (A) & trén 1a 16n hon hodc bang 0,70 va nhé hon hogc bang
1,10 (nghia 13, mdi quan hé (i) & trén dugc thdéa man), mot ty 18 nhét dinh hodc
nhiéu hon cua cac nhém epoxy va cac nhém thiol trong ché phdm tham gia vao
phéan Ung gilra nhom epoxy va nhom thiol, do dé dAn dén san phdm hoéa rén thu
duoc 6 cac dic tinh thich hop. Néu ty 1é néu trén nhé hon 0,70, c¢6 nghia 1a co
qué nhiéu nhom thiol so véi nhém epoxy, khién cho nhiéu nhém thiol con lai
khong phan tng trong san pham héa ran, va do d6 khong ngin chin hiéu qua
su gia tang T, cia san phim héa ran phat sinh do phan mg gitta cac nhém thiol
nhu vay. Mét khac, néu ty 1& néu trén 16n hon 1,10, c6 nghia la c6 qua nhiéu
nhém epoxy so voi cac nhom thiol, din dén tién trién cua phan mg giita cic

nhom epoxy du thua (polyme ddng nhét hoa), ngoai phan Ung gilta cdc nhom
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epoxy va cac nhom thiol. Viéc nay dan dén su hinh thanh, théng qua ca hai
phan Ung nay, céc lién két ngang lién phan tr trong san pham héa rin tao ra,
din dén mat do lién két ngang cao qua muc va T, gia ting. Theo cach khac,

bude hoa ran & cac nhiét do thép, vi du & 80°C trong mdt gio, tré nén kho khan.

Méi quan hé (ii) & trén c6 nghia 1a tir 25 dén 70% cua toan bd céc
phéin tr nhya epoxy dugc chira trong ché phdm nhua epoxy theo sang ché 1a
cac phan tir clia nhya epoxy ¢4 mét nhém chirc (thanh phén (C)), ma céc diém
lién két ngang ctia thanh phan (A), bao gdm hop chét thiol cé ba hodc nhiéu
nhém thiol, bi giam xudng nh& phan ng véi nhua epoxy don chirc, va néu, vi
du, hop chét thiol ¢6 bén nhém thiol dugce st dung, né dang duge st dung nhu
thé né 13 hop chét thiol c6 hai nhém chtic hodc hgp chat thiol ¢6 ba nhém chir.
Néu luong tuong dbi & trén vuot qua 70%, lugng nhua epoxy da chirc, dung
lam thanh phan lién két ngang, 13 qué nho, véi két qua 1a san phim héa rén tao
ra c6 thé thé hién cac dic tinh duoc thiy ¢ nhua nhiét déo nhu ndng chay & cic
nhiét do cao. Mt khac, néu luong twong dbi dd néu & trén nho hon 25%, c¢b
qua nhiéu nhya epoxy da chue, dung lam thanh phan lién két ngang, va lién két
ngang lién phéan tir c6 thé vi thé dugc tao ra quéa nhiéu trong san phdm hoa rén
tao ra do phan tmg cta thanh phan (A) véi thanh phan (B), ddn dén mat do lién
két ngang qua cao va khién cho T, clia sdn phim hoéa ran bi ting qua mue.

T6t hon 13, luong theo mol cua thanh phan (C) so véi tdng sb cua
lwong theo mol cia thanh phan (B) va lugng theo mol ctia thanh phéan (C) nam
trong khoang tir 30 dén 70%, t6t hon nita 1a tir 33 dén 70%.

Viéc théa man cac mdi quan hé (i) va (i) & trén dan dén viéc giam
lugng cic nhém thiol khong phan émg con lai trong sin phim hoa rén 1a ket

qua cta phan Ung cac nhom thiol trong thanh phan (A) khong phai tmg véi
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thanh phan (B) trai qua véi thanh phin (C), do d6 cho phép thu dugc san pham

héa rén c6 cac dic tinh thich hop.

Theo sang ché, thanh phén (C), can thiét c6 mat véi mot luong nhét
dinh, cho phép ché phdm nhya epoxy c6 dd nhét thap. Nhu dd néu & trén, do
ché phdm nhua epoxy theo sang ché duogc du dinh dé duge dung véi thiét bi
phan phdi phun tia, tét hon 13 d6 nhét ctia nd & nhiét do dau voi phun thap dé
ché phdm nhua epoxy c6 thé duoc phun ra & toc do cao tur 16 nhd c6 dudng
kinh trong bing vai trim micromet. Ngoai ra, t6t hon néu ché phim nhya
epoxy la chat 16ng sau khi phun. Vi thé, ché phidm nhua epoxy c6 do nhét ¢
30°C thap hon hoic bang 2000mPa-s, t5t hon thdp hon hoc bang 1000mPas,
va tdt hon nita thp hon hoic bang 800mPa-s. Hon nita, tir géc do kha nang xu
ly, d6 nhot t6t hon 1a cao hon hodc bing 100mPa-s. Theo sing ché, d6 nhét co
thé dugc x4c dinh theo céc tiéu chudn cong nghiép Nhét ban (Japanese
Industrial Standards, JIS) K 6833. Cu thé 13, d6 nhdt & 30°C c6 thé duge xac
dinh tir s6 liéu dua ra ctia nhét ké loai B & thoi diém mét phut sau khi bat dau
do & tde dd 1 vong/phut (round per minute, rpm). Khdng c6 céc han ché cu thé
vé thiét bi, réto, hodc pham vi do dugc st dung.

Duoc vu tién hon nita la ché phdm nhua epoxy theo séng ché c¢6 do
nhét & 60°C thap hon hogc bing 300mPa-s. Tét hon 13, dd nhot & 60°C duoc
do ¢ 50rpm hodc ¢ tdc do vong quay thich hop, do tbc dd vong quay qua thp
s€ gy ra céc vAn d@ lién quan dén gi6i han phét hién cua nhét ké loai E trong
qua trinh do d¢ nhét.

(5) Chét dén silic oxit (thanh phan (E))

Ché phidm nhua epoxy theo sang ché bao gdm chat don silic oxit
(thanh phan (E)). Didu nay céi thién tré khang tun hoan nhiét ctia san pham
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héa rén thu dugc bang cach héa ran ché phdm nhua epoxy. Ly do viéc bd sung
cht don nhu chét don silic oxit cai thién tré khang tuan hoan nhiét 1a do no
lam giam hé sé né dai cua san pham héa ran, nghia 13, n6 ngan chin sy gidn no
va co ngot cua san phédm hoéa ran gay ra boi sy tuan hoan nhiét.

Theo séng ché, chéat don silic oxit ¢ kich thude hat trung binh nho
hon hogic bang 5,0um dugc st dung. Nhu duge str dung & day, kich thudc hat
trung binh, trir khi dugc quy dinh fheo cach khac, dung dé chi dudng kinh
trung vi trén co so thé tich (dso) duoc do bang nhiéu xa ké laze theo 1SO
13320:2009. Kich thudc hat trung binh cua chét don silic oxit tot hon 12 nhé
hon hodc bing 4,0um, tot hon nita 12 nho hon hodc bing 3,0um. Néu kich
thudc hat trung binh 1én hon 5,0um, chit don silic oxit dé két tua. Hon nita, dé
dang dan dén sy c6 mit clia cac hat thd, lam mai mon voi phun cua thiét bi
phan phéi phun tia, v, khi phun ra, ché phdm nhua, vi thé, d& dang bi phan tan
ra khoi vung mong mudn. Khong co6 cac gidi han cu thé vé& gidi han duéi cua
kich thuéc hat trung binh. Tuy nhién, do kich thudc hat trung binh nh6 hon
0,1um c6 xu huéng dan dén sy gia ting do nhét cia ché phdm nhua epoxy, tbt
hon 13 kich thuéc hat trung binh 16n hon hodc bang 0,1pm, va tot hon nita 1a
1én hon hodc bing 0,2um. Theo mdt phuong an, kich thuée hat trung binh cia
chit don silic oxit dugc st dung trong sang ché 16n hon hodc bang 0,1um va
nhd hon hodc bang 5,0um, t6t hon 13 16n hon hodc bing 0,2um va nhé hon
hodc bang 3,0um.

Tét hon 13, ham luong cua chit don silic oxit cua ché phém nhua
epoxy theo sang ché nam trong khoang tir 15 dén 50% khdi luong, tét hon nita
14 tlr 20 dén 45% khéi lugng, va con tét hon nita 1a tir 20 dén 40% khdi luong,

dua trén tong trong luong cla ché phdm nhua epoxy. Néu ham lugng cla chit
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don silic oxit qua thip, né din dén tr& khéng tudn hoan nhiét khong du. Néu
ham lugng ndy qua cao, dan dén két qua la ché phim nhua epoxy c6 do nhot

qué cao, lam cho g dung voi thiét bi phan phdi phun tia tr& nén khé khan.

Chét don silic oxit c6 thé duge st dung phdi hop véi cac chéat don
khac. Khong c6 cac gidi han cu thé v& cac chét don khac, va céc chét d6n khac
nhau ¢6 thé duoc st dung. Céc vi du cu thé v& c4c chit don khac bao gém chét
ddén nhdém oxit, chat don bot talc, chit ddn canxi cacbonat, chat don
polytetrafloetylen (PTFE), chét don silicon, chit don acrylic, chét don styren,

va chét don tuong tu.

Theo séng ché, chit don silic oxit va cac chét d6n khac co thé duoc xr
Iy true khi xir Iy bé mit.

Ché phim c6 thé héa rin dugc theo sang ché c6 thé bao gdm céc thanh
phan tlly y ngoai cac thanh phén tir (A) dén (E) dd mo ta & trén, vi du, céc

thanh phan duoc mé ta dudi day, néu mubn.
* Chat lam 6n dinh

Ché pham nhya epoxy theo sing ché c¢6 thé, néu mudn, bao gdm chat
lam én dinh. Chéit 1am 6n dinh c6 thé dugc bd sung vao ché pham nhua epoxy
theo sang ché d& cai thién do dn dinh bao quan ciia nd va dé kéo dai thoi gian
bao quan trong binh cta no6. Cac chit 1am &n dinh khac nhau da biét trong linh
vuc nay la cac chét lam 6n dinh danh cho céc chét két dinh trén co s& epoxy
mot phén 6 thé dugce st dung, va it nhat mot chét duoc chon tir nhém bao gém
hop chét borat este 16ng, chelat nhém, va axit hiru co 1a duge uvu tién nho hi€u

qua cao clia chung trong viéc cai thi¢n do on dinh bao quén.

Céac vi du vé cac hop chét borat este 16ng bao gf“)m 2,2’-oxybis(5,5’-
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dimetyl-1,3,2-oxaborinan), trimetyl borat, trietyl borat, tri-n-propyl borat,
triisopropyl borat, tri-n-butyl borat, tripentyl borat, trialyl borat, trihexyl borat,
trixyclohexyl borat, trioctyl borat, trinonyl borat, tridexyl borat, tridodexyl
borat, trihexadexyl borat, trioctadexyl borat, tris(2-etylhexyloxy)boran,
bis(1,4,7,10-tetraoxaundexyl) (1,4,7,10,13-pentaoxatetradexyl) (1,4,7-
trioxaundexyl)boran, tribenzyl borat, triphenyl borat, tri-o-tolyl borat, tri-m-
tolyl borat, trietanolamin borat va hop chét tuong tu. Hop chét borat este 16ng
14 duoc vu tién, do né & dang 16ng & nhiét d¢ trong phong (25°C) va vi thé cho
phép dd nhét ctia hdn hop chira n6 duge gitt 6 mure thap. Cac vi du vé céc
chelat nhom ma c6 thé duoc st dung bao gdm chelat nhém A (duge san Xuét
bdi Kawaken Fine Chemical Co., Ltd.). Cac vi du vé cac axit hitu co ma c6 thé

duoc st dung bao gdm axit barbituric.

Néu chét 1am 6n dinh duoc bd sung, tdt hon 1a luong duogc bd sung
nam trong khoang tir 0,01 dén 30 phén theo khéi luong, t&t hon nita 1a tir 0,05
dén 25 phan theo khéi lugng, va con tét hon nita 13 tr 0,1 dén 20 phan theo
khéi luong so véi 100 phan theo khéi lugng ctia tdng luong ciia cac thanh phan

tir (A) dén (E).
* Chét két hop

Ché phidm nhuya epoxy theo séng ché c6 thé, néu mudn, bao gdm chit
két hop. Viéc bd sung chét két hop, cu thé 13, chat két hop silan 13 dugc uu tién
tlr gbc dd cai thién luc két dinh. La chét két hop, cac chat két hop silan khac
nhau ¢6 thé duge st dung nhu céc chit két hop trén co s epoxy, trén co s&
amino, trén co sé vinyl, trén co s& metacryl, trén co s& acrylic, va trén co s
mercapto. Cac vi du cu thé v& cac chét két hop silan bao gbm 3-

glyxidoxypropyltrimetoxysilan, 3-aminopropyltrimetoxysilan,
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vinyltrimetoxysilan, 3-trietoxysilyl-N-(1,3-dimetyl-butyliden)propylamin, 2-
(3,4-epoxyxyclohexyl)etyltrimetoxysilan, p-styryltrimetoxysilan, 3-
metacryloxypropylmetyltrimetoxysilan, 3-acryloxypropyltrimetoxysilan, 8-
glyxidoxyoctyltrimetoxysilan, 3-ureidopropyltrietoxysilan, 3-
mercaptopropyltrimetoxysilan, bis(trietoxysilylpropyl)tetrasulfua, 3-
isoxyanatopropyltrietoxysilan va chét két hop tuong tu. Céc chét két hop silan
nay c6 thé duoc st dung mot minh hodc & dang phéi hop ctia hai hodc nhidu

loai.

Trong ché phdm nhya epoxy theo sang ché, tét hon 1a luong chat két
hop duoc bd sung nam trong khoang tir 0,01 dén 50 phén theo khéi lugng, tot
hon nita 1a tir 0,1 dén 30 phan theo khéi lugng, so véi 100 phén theo khéi
luong cta téng lugng cia cc thanh phan tir (A) dén (E), tir géc dd cai thién

lue két dinh.
* C4c chat phu gia khéc

Ché pham nhya epoxy theo sing ché c6 thé, néu mubn, bao gém cac
chét phy gia khac nhw mudi than, mudi titan, chét by ion, chit tao béng, chat
Chéng oxy hoa, chat chéng tao bot, chat sol-gel thuan nghich, chét diéu chinh
dd nhot, chét 1am chdm ngon lira, chit tao mau, dung moi, va chét tuong tu
mién 13 ching khong di tréch khdi tinh thin cua sang ché. Loai va lugng cua

mdi chét phu gia pht hop véi thue hanh théng thuong trong linh vyc nay.

Khoéng c6 céac gidi han cu thé vé& cac phuong phap san xudt ché pham
nhua epoxy theo sang ché. Vi du, ché phdm nhya epoxy theo sang ché co thé
thu duoc bing céch dua cac thanh phan tir (A) dén (E) va, néu mubn, céc chét
phu gia khic vao may tron thich hop theo cach ddng thoi hodc riéng 18, tiép

theo bang cach khudy va trdn trong lic, néu can, gia nhiét va lam nong chay,
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dé tao ra ché phém dé)ng nhat. Khong cé céac giéi han cu thé vé& may tron, va
may tron Raikai (mday nghién) dugc trang bi may khudy va thiét bi gia nhiét,
mdy tron Henschel, may cén ba truc, may nghién bi, may nghién kiéu hanh tinh,
may nghién hat, hoiic may tuong tu c6 thé duoc st dung. Céc thiét bi nay c6

thé duogc sir dung phdi hop, khi thich hgp.

Ché phém nhua epoxy thu dugc theo cach nhu vay 1a nhiét rén, va
trong cac diéu kién c6 nhiét do 80°C, hoa rén t6t hon 1a trong 5 gid, va tSt hon
nfta 1a trong 1 gio. No cling co thé duoc hoa rdn & cac nhiét do cao trong thoi
gian rat ngén, nhu vai gidy & nhiét do 150°C. Néu ché pham c6 thé hoa ran
duoc theo sang ché dugc st dung trong qué trinh san xuAt moédun cam bién
hinh 4nh bao gdm céc linh kién bi héng trong céc diéu kién nhiét do cao, tot
hon 13 héa rin nhiét ché phim & nhiét do nam trong khoang tir 60 dén 90°C
trong tir 30 dén 120 phit, hodc héa rén nhiét ché pham & nhigt do tir 120 dén

200°C trong tir 1 dén 300 gidy.

Ché phdm nhua epoxy theo sang ché hoa rin trong mot khoang thoi
gian ngén ngay cé trong cac didu kién nhiét do thap dé tao ra san pham hoéa rin
c6 T, thép. Tét hon 13, san phim héa ran cla ché pham nhya epoxy theo sang
ché c6 T, thp hon hogc bing 65°C, tét hon nita thap hon hofc bang 60°C, con
t6t hon nira thdp hon hozc bang 50°C. Ngoai ra, tir goc do két dinh, T, clia san
phdm héa rn t6t hon 13 cao hon hodc bang 30°C, va t6t hon nita la cao hon
hodc bang 32°C. Theo sang ché, Ty c6 thé duoc x4c dinh bing phuong phap
kéo cang bang cach st dung thiét bi phan tich co dong luc (dynamic
mechanical analyzer, DMA) trong khoang -20°C dén 110°C, & tin sd nam
trong khoang tur 1Hz dén 10Hz, va bang céach sir dung tdc d6 ting nhiét do nam

trong khoang tir 1°C dén 10°C/phit va bién do bién dang bing 5um. Tt hon 13,
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tAn sé bing 10Hz va tét hon 1a thc do ting nhiét do bing 3°C/phut. Ty ¢6 thé
duogc x4c dinh tir nhiét do ¢ diém cuc dai cua tang s6 ton hao (tan &) nhu dugc

xé4c dinh tr modun ton hao (E”)/mddun tich trir (E’).

Ché phérn nhua epoxy theo sang ché c6 thé duoc st dung, vi du, [am
chét két dinh, chét gén hodc chit chén kin dé ¢é dinh, lién két hogc bao vé thiét
bi ban dan chtra céc linh kién dién tir khac nhau va cac phﬁn tao nén linh kién
dién tir, hodc vat liéu thd cta chung.

Sang ché con dé xuét chat gén chira ché phdm nhya epoxy theo sédng
ché. Chit gén theo sing ché thich hop dé str dung lam, vi dy, chét don dé bao
vé hoac ¢ dinh modun, linh kién dién t, va chi tiét tuong tu.

Séng ché con d& xuét san phim héa rdn thu dugc bing cach héa rin
ché pham nhua epoxy hodc chét gén theo sang ché.

Séng ché con dé xuit linh kién dién t chra san pham hoéa ran theo
sang ché.

Vi du thwce hién sang ché

Dudi day, sang ché s& dugc mo ta bang cac vi du, nhung sang ché
khéng bi giéi han & do. Trong cac vi du sau day, cac phéan va cac ty 18 phén
tram, trir khi duoc quy dinh theo céch khéc, 1a cac phan theo khdi lugng va cac
ty 16 phan tram theo khéi luong.

Céac vi du tlr 1 dén 13 va céc vi du so sanh 1 dén 5

Céc ché phdm nhua epoxy duoc didu ché bang cach tron mdi thanh
phan trong sé cac thanh phén véi céc lugng theo cac cach 1ap cong thirc duoc
thé hién trong cac bang tir 1 dén 2 bang cach st dung méy can ba truc. Trong

céc bang tir 1 dén 2, lugng mdi thanh phan dugce bicu thi & dang cac phan theo
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khéi luong (don vi: g).

* Chét hoa rén trén co s6 thiol (thanh phan (A))

Phan sau day liét ké c4c hop chit dugc st dung 1am thanh phén (A)
trong cac vi du va céac vi du so sanh.

(A-1): 1,3,4,6-tetrakis(2-mercaptoetyl)glycoluril (tén thuong mai: TS-
G, dugc san xuét boi Shikoku Chemicals Corporation, duong lugng thiol: 100)

(A-2): pentaerythritol tetrakis(3-mercaptopropionat) (tén thuong mai:
PEMP, duoc san xuht bai SC Organic Chemical Co., Ltd., duong lugng thiol:
122)

(A-3): trimetylolpropan tris(3-mercaptopropionat) (tén thuong mai:
TMMP, duoc san xuit bai SC Organic Chemical Co., Ltd., dwong lugng thiol:
133)

* Nhua epoxy (thanh phan (B))

Phén sau day liét ké cac hop chat duoc sir dung 1am thanh phan (B)
trong cac vi du va cac vi du so sanh.

(B-1): nhua epoxy trén co s& biphenol F (tén thuong mai: YDF-8170,
duoc san xudt boi Nippon Steel & Sumitomo Metal Corporation, duong lugng
epoxy: 159)

(B-2): hdn hop nhya epoxy trén co s& biphenol F/nhya epoxy trén co
s& biphenol A (tén thuong mai: EXA-835LV, dugc san xudt boi DIC
Corporation, duong lugng epoxy: 165)

(B-3): 1,4-xyclohexandimetanol diglyxidyl ete (tén thuong mai:

CDMDG, duoc san xuét bai Showa Denko K K., duong lugng epoxy: 133)
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(B-4): 1,3-bis(3-glyxidoxypropyl)-1,1,3,3-tetrametyldisiloxan (tén
thuong mai: TSL9906, dugce san xuit b&i Momentive Performance Materials

Japan LLC, duong luong epoxy: 181)

* Chét didu chinh mat dd lién két ngang (thanh phan (C))

Phdn sau day liét ké cac hop chét dugc st dung lam thanh phén (C)
trong cac vi du va cac vi dy so sanh.

(C-1): p-tert-butylphenylglyxidyl ete (tén thuong mai: ED509S, duoc
san xuét boi ADEKA Corporation, duong lugng epoxy: 205)

(C-2): phenylglyxidyl ete (tén thuong mai: Denacol EX141, dugc san
xuét boi Nagase ChemteX Corporation, duong luong epoxy: 151)

(C-3): 2-etylhexylglyxidyl ete (tén thuong mai: Denacol EX121, dugc
san xuét boi Nagase ChemteX Corporation, duong luong epoxy: 187)

* Chét xtic tic hoa rn (thanh phan (D))

Phin sau day liét ké cac hop chat dugc st dung 1am thanh phén (D)
trong cac vi du va céc vi du so sanh.

(D-1): chat xuc tac hoa rén 4n trén co s& san phidm cdng amin-epoxy 1
(tén thuong mai: Fujicure FXR1121, dugc san xuat boi T & K TOKA Co.,
Ltd.)

(D-2): chat xtc tac héa rén An trén co s& san phdm cong amin-epoxy 2
(tén thuong mai: Novacure HXA9322HP, dugc san xuit boi Asahi Kasei
Corp.)

Chét xtc tac hoa rén an (D-2) & trén duge cung clp & dang chat long
phén tan (chét xtc tac hoa rin 4n/hdn hop gdm nhua epoxy trén co s& biphenol

A va nhua epoxy trén co s& biphenol F = 33/67 (ty 1€ khéi luong)) trong d6
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chét xtic tac hoa rin 4n & dang hat duge phan tan trong nhua epoxy (hdn hop
gdm nhua epoxy trén co s& biphenol A va nhya epoxy trén co s& biphenol F
(duong luong epoxy: 170)). Hang (D-2) trong céac bang tur 1 dén 2 cho biét cac
phin theo khéi luong d6i voi thé phan tan chira chét xtic tac hoa ran 4n. Céc
nhya epoxy tao nén thé phan tan nay duogc xir ly nhu 1a phan hinh thanh cta
thanh phén (B). Vi thé, trong cic bang tir 1 dén 2, (B) trong “Sé lugng clia cic
nhom chire trong (B),” “(B)/(A) (ty sb theo lugng duong luong nhém chire),”
“{(B) + (O)}(A) (ty s6 theo luong duong lugng nhém chire),” va “(C)/{(B) +
(C)} (ty s6 theo mol)” bao gdm céac luong clia cdc nhya epoxy trong (D-2).

- Céc thanh phan khac (silic oxit)

* ChéAt don silic oxit (thanh phan (E))

Phin sau day liét k& cac hop chit dugc st dung 1am thanh phan (E)
trong cac vi du va cac vi du so sanh.

(E-1): chat don silic oxit 1 (tén thuong mai: SE2300, kich thuéc hat
trung binh: 0,6pm, dugc san xuit bdi Admatechs)

(E-2): chét don silic oxit 2 (tén thwong mai: SO-ES, kich thudc hat
trung binh: 2,0pum, dugc san xuét boi Admatechs)

(E’-1): chit don silic oxit 17 (tén thwong mai: FB-7SDX, kich thudc
hat trung binh: 5,5um, dugc san xuét bdi Denka Company Limited)

Trong cac vi du va céac vi du so sanh, cdc tinh chét caa cac ché phém
nhua epoxy va cac san phim hoéa ran dugc do theo cac cach sau day.

Do nhét ctia cac ché phdm c6 thé hoa rin dugc

Do nhét (don vi: mPa-s) cia mdi ché phdm nhua epoxy duge do trong
| gior tir khi didu ché né bing céch st dung nhot ké loai E duoc san xuat boi
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Toki Sangyo Co., Ltd. (sb kiéu: TVE-22H, tén rdto: 1° 34> x R24) (dugc dit &
pham vi do thich hop (H, R hodc U)) & nhiét d6 30°C va tbc do quay cua roto
bang 1rpm, va sb liéu dua ra & thoi diém mot phut sau khi bat dau do duogc s
dung. Cac két qua duoc thé hién trong cac bang tir 1 dén 2. Can luu y ring céac
dé nhét nhd hon 640mPa-s nam ngoai khoang cé thé do duoc khi tdc d6 vong
quay roto dugc dat dén 1rpm, va, vi thé, dugc thé hién 13 “< 640” trong céac
bang tir 1 dén 2, nghia la chung it nhét nho hon 640mPa‘s. P nhét can thap
hon hodc bang 2000mPa-s.

San xuét cac san phim héa rin

Céc ché phém nhua cua cac vi du tu 1 dén 13 va céc vi du so sanh 1
dén 5, mdi ché phdm dugc gia nhiét & 80°C trong 120 phut dé thu duoc san

phdm hoa rén.
Nhiét d6 chuyén héa thiy tinh (T,) clia cac san pham hoa rin

Céc phép do dugc thuc hién theo cac tiéu chuén céng nghiép Nhat ban
(JIS) C 6481. Cu thé 13, trude tién, tAm Teflon® duogc dan vao bé mit cla tAm
thiy tinh c6 chidu day 3mm, va cac miéng dém (céc chong bing dinh cich
nhiét) dugc bd tri & hai chd trén tAm Teflon® sao cho san phdm héa ran s& c6
chiéu day mang 400 + 150um. Tiép theo, ché phdm nhua dugc cho vao giita
cac miéng dém, va duogc kep vao gifta bé’mg cach dat 1én trén mot tAm thay tinh
khac c6 tAm Teflon® duogc dén vao bé mit, theo cach ma khong c6 bong bong
khi bj gif lai, va duoc héa rén & 80°C trong 120 phit dé thu dugc san pham
héa rén. Cubi cing, san pham héa rén dugc béc ra khoi cac tam thiy tinh c6
cac tAm Teflon® da duoc dan nay, va sau do cht thanh cac kich thudc dugc xdc
dinh trude (10mm x 40mm) bang dao da dung dé thu duoc cac mau thir. Cac

canh duoc tao ra bdi viée cat dugc lam nhan bang gidy nham. T, ban déu cua
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san pham hoa rén dugc do biang phuong phép kéo cang bang céach str dung thiét
bi phan tich co dong luc (DMA) (dugc san xuét bdi Seiko Instruments Inc.)
trong khoang -20°C dén 110°C, & thn sb 10Hz, va bang cach st dung tbe do
tang nhiét do 3°C/phut va bién do bién dang bang 5um. T, dugc xac dinh tir

nhiét d6 & diém cuc dai ctia tan & nhu duoc xac dinh tr E”/E’.
Do bén cat cua cac san pham hoa ran

Ché phdm nhua dugc dua 1én tdm thép khong gi (SUS) béng céch in
gidy nén sao cho ché phidm nhwa c6 kich thude ¢ 2mm va chiéu day 1,25um,
va manh nhéom oxit 3,2mm X 1,6mm cé chiéu day 0,45mm duoc dit 1én ché
phim nhya d3 duoc dua lén nay, va ché pham nhya dugc hoa ran trong diéu
kién tai non duoc dat vao dé thu duge mAu thir. Céc didu kién hoa ran dwoc sir
dung 1a 80°C va 120 phut trong may sdy khong khi néng. Manh nhom oxit trén
tAm thép khong gi duge déy tlr bén canh, & 23°C, bang may thir lién két (Series
4000, dugc san xudt boi Dage Ltd.), va Ung sudt (N) & thoi diém manh nhém
oxit bi béc ra dugc do. Phép do nay duoc thuc hién dbi voi bay mau thi, va gia
tri trung binh cta céc ung suét thu dugc duoc tinh. Gia tri trung binh nay duoc
thé hién trong cac bang 1 va 2 dudi dang do bén cét (don vi: N/manh) cua san
phim hoa rén. Do bén cét tdt hon 1a 16n hon hojc bing SON/ménh, tt hon nira

14 16n hon hodc bang 80N/manh.
Su cd mat cua cac hat tho trong cac ché pham c6 thé hoa ran dugc

Céc kich thudc hat cua céc hat tuong d6i 16n (cac hat thd) duge phat
hién trong céc ché phim cé th hoa rén duge dugc do bang cach st dung dung
cu do d6 nghién (kidu: thiét bi do kich thude hat s6 527 (loai nhd), chiéu sdu
rAnh: 0 dén 50pum, dugc san xuét boi Yasuda Seiki Seisakusho, Ltd.). Céc két
qua duge thé hién trong cac bang 1 va 2. Cac ché pham c6 thé hoa rén duoc
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trong d6 céac hat thd c6 kich thudc hat 16n hon hodc bang 15um dugc phat hién

duoc chirala x.

Bang 1
Vidu 1|Vidy 2 ng‘-‘ Vi du 4|Vidu 5|Vidyu6|Vidu7 Vigd‘-‘ Vidu9 Vig“

(A-1) 36,1 36,1 36,1 38,8 37,0 25,1 41,1
Thanh phén (A) (A-2) 39,0 39,00 10,8 39,0

(A-3)

(B-1) 21,7 21,7 7.8 21,7
Thanh phin (B) (B-2)

(B-3) 242 242| 242 24| 266] 2500 24| 91 24 214

(B-4) 9,1

(c-1 247 24,7| 247] 21,9 21,9 232 21,9 225
Thanh phén (C) (C-2) 19,5

(C-3) 23,1

; (D-1)

Thanh phan (D)

(D-2) 150/ 150 150/ 150/ 150 150 150 150/ 150/ 150

(E-1) 11,1 25,0 42,9] 429 42,9 429 42,9 42,9
Thanh phén (E) (E-2) 122,2 42,9

(E’-1)
Téng (khéi lrong) 111,1] 125,0] 142,9] 142,9] 142,9| 142,9| 222,2| 142,9| 142,9| 1429
Ty 1& cia thanh phin (E) (% khdi lugng) 10 20| 30 30 30 30 55 30 30 30
S& luong cia céc nhém chire trong (B) 024 024] 024] 021] 026 025 021] 023 021 022
S4 lugng cia cac nhém chire trong (A) 036 036 036 032] 039 037 032] 034 032] 041
S6 lugng cia cac nhém chire trong (C) 0.12] 0,12 012 o1 o013 o012 o11] 011 011 0,11
EtBy)/léAﬂ)leo wone duong luong nhomchie) | 07| 067 067 067 067 067 067) 067 067| 0,53
Eg’gg&eo wone duong huong shom ehigy | 033|033 033 033 033) 033 033) 033 033 0.27
({t(j?l)ggt?gg/l(xng duong lugng nhém chirc) 1,0 1,0 1,0 1.0 1,0 1,0 1,0 1,0 1,0 0.8
(CV/{(BYH(C)}(ty 1¢ theo mol) 0.50] 0,50] 0,50 0,50 0,50] 0,50 0550] 0,50 0,50 0,50
Do nhét (mPass) <640| 758 983 <640 1687 904| 1490| <640| <640 1660
Céc hat tho (um) 5 5 5 5 5 5 5 5 5 5
Nhiét d§ chuyén hoa thiy tinh (°C) 61.9] 62,1] 63,1 406 53.1| 33,6] 43,0 481 41,1] 587
D0 bén cit 2169| 211,8 201,9| 1351 215,0] 94,0/ 1456| 142,4| 113,0| 1817
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Béang 2
. . . Viduso|Viduso|Viduso|Viduso|Viduso
Vidull | Vidul2 | Vidud3 | 1| sanh2 | sanh3 | sanh4 | sénh S
(A-1) 37,7 34,7 36.1] 47.8] 292 385 336
Thanh phén (A) (A-2)
(A-3) 41,2
(B-1
‘ . (B-2) 31,1
Thanh phan (B) (B-3) 33,3 16,2 22| 176 182 378 101
(B-4)
(C-1) 13,9 34,1 12.7] 247]  19.6] 377 87 413
Thanh phén (C) (C-2)
(C-3)
\ X D-1
Thanh phan (D) Emi 15,0 15,0 150] 150/ 150] 150 150 150
(E-1) 42,9 42,9 25.4 229 429] 429 429
Thanh phén (E) (E-2)
(E’-1) 42,9
Tong (khdi luong) 142,9 1429 125.4] 1429 1429 1429] 1429 1429
Ty 1é ctia thanh phan (E) (% khdi lugng) 30 30 20 30 30 30 30 30
) luong cta cac nhom chic trong (B) 0,31 0,18 0,25 0,24 0,19 0,20 0,34 0,13
S8 lugng ciia cac nhém chire trong (A) 0,38 0,35 031] 036] 048] 029 039 034
S8 lugng cita cac nhém chire trong (C) 0,07 0,17 006 o012 o010 0,18 004 0,20
(BY/(A)
(15 1 theo luong duong lugng nhom chitc) 0,82 0,52 0.80| 067| 040 0,67 089 040
©)/(A)
(ty 1& theo lugng duong lugng nhdm chire) 0,18 0,48 0,20 0,33 0,20 0,63 0.1 0,60
{(B)Y+(C)}/(A)
(5 1¢ theo lugng duong lugng nhém chirc) 1,0 1.0 Lop  1op 06 1.3 Lo 10
(C)/{(B)+(C)} (1y 1€ theo mol) 0,31 0,65 033] 050/ 050 065 020 075
D6 nhét (mPass) 1214 769] <640 881 4180] <640] 2260 742
Céc hat thd (um) 5 5 5| x (20 5 5 5 5
Nhiét do chuyén hoa thuy tinh (°C) 64,0 583 368 61,3] 550 x| 65,0
Do bén cit 177,5 199.5] 1139 233.4] 2051 1563 1742[ 149.3

Trong céac bang tu 1 dén 2, cac ty 1& theo lugng duong luong nhom
chic ((B) + (C))/(A), (B)/(A), va (C)/(A) 1a cac gia tri duge tinh tir cac khéi
lvong cua cac thanh phan (A), (B) va (C) va cac duong lugng thiol (hodc céc
duong luong epoxy) twong tmg. Cac ty 1é theo lugng duong lugng nhém chirc
chinh x4c hon so véi khi céc ty 18 theo luong duong luong nhém chic dugc
x4c dinh tr cac luong duong lugng nhém chire thiol (hodc cic lugng duong
lrgng nhém chire epoxy) ciia céc thanh phan (A), (B) va (C) duoc thé hién da

lam tron trong cac bang nay.

Nhu ro rang tir cac bang 1 dén 2, cac ché pham c6 thé héa rin dugc
clia cac vi du tir 1 dén 13 c6 do nhét thap thap hon hoic bang 2000mPa-s, lam

cho chung thich hop dé str dung dudi dang, vi du, chét két dinh dé ap dung &
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c4c ving nhé bang cach st dung thiét bi phan phdi phun tia, va hon nita, tao ra

san pham hoéa ran cé do bén cit cao.

Nguoc lai, ché phém c6 thé héa rén duoc cua vi du so sanh 1, chira
chit don silic oxit c6 kich thudc hat trung binh 16n hon hodc béng 5,0um, mac
du ¢6 do nhot thép va tao ra san phém héa rén ¢6 dd bén cét da, co cac hat thd

va khéng thich hop dé 4p dung v6i thiét bi phan phdi phun tia.

Ché phim c6 thé héa ran duoc cia vi du so sanh 2, trong do ty s6 cua
tong luong duong lugng nhém chirc epoxy dbi v6i cac thanh phan (B) va (C)
v6i luong duong lugng nhom chire thiol d6i voi thanh phan (A) nhé hon 0,70,
c6 do nhét cao, va san phém hoéa rén ma nd tao ra, mic du thé hién do bén cét
vuot trdi hon, thé hién tinh nhiét déo va, vi thé, duoc cho 13 khé st dung &

nhiét d6 cao hon hoac béng 70°C.

Ché pham c6 thé hoa ran duoc cta vi du so sanh 3, trong dé ty sd cla
téng lugng duong luong nhém chirc epoxy dbi v6i cac thanh phan (B) va (C)
v6i luong duong lugng nhom chire thiol dbi v6i thanh phan (A) 16n hon 1,10,
tao ra san phdm hoa rin d& v& va khong thé tao ra miu thur dé do T,. Vily do

nay, khong cé phép do nao vé do bén cat ctia né dugc thyc hién.

Ché phém c6 thé hoa rén dugce cta vi du so sanh 4, trong dé lugng
theo mol ctia thanh phan (C) so v6i tdng sd ctia lwong theo mol ctia thanh phan
(B) va lugng theo mol cta thanh phén (C) nhé hon 25%, c¢6 do nhét cao va

khéng thich hop dé 4p dung v&i thiét bi phan phdi phun tia.

Vi du so sanh 5, trong d6 lugng theo mol cua thanh phan (C) so véi
tdng sd clia lugng theo mol cia thanh phan (B) va lugng theo mol cla thanh
phan (C) 16n hon 70%, tao ra san phdm héa réin d& v&, va khong thé dieu ché
mau thir d& do T,. Vi Iy do nay, khong c6 phép do ndo vé do bén cat clia no
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duoc thuc hién.

Nhu da thdy & trén, s& kho &p dung céc vi du so sénh 1 dén 5 dé sur
dung lam chét két dinh hodc chét twong tu dé 4p dung cho céc vung nho béng

thiét bi phan phéi phun tia.
Kha ning ing dung trong cdng nghiép

Ché phdm nhuya epoxy theo séng ché héa rén trong mot thoi gian ngén
ngay ca trong cac didu kién nhiét do thp dé tao ra san pham héa rén. San
phdm hoa rén c6 T, thap va c6 do mém déo va do linh hoat vira phai. Diéu nay
cho phép san pham héa rén thich (mg véi cdc bién dang do sy gifin nd nhiét cta
c4c linh kién trong bd phén dugc tao ra béng cach ghép ndi nhiéu linh kién
duoc 1lam tir cac vat liéu khac nhau véi nhau. Hon nita, san phém hoa ran nay
c6 dd bén cit vuot trdi. Hon nita, ché phém nhua epoxy theo sang ché co o
nhét thép mic dit bd sung chat don silic oxit d& cai thién dd bén cat, va thich
hop d& sir dung cho céc ving nho v6i thiét bi phan phdi phun tia hogc thiét bi
twong tu. Vi thé, ché phdm nhua epoxy theo sang ché dac biét c6 ich dudi dang
chit két dinh, chat gén, chit chén kin, hoic chét tuong tu danh cho thiét bi ban
din hodc linh kién dién tir duoc 18p rap bing cach ghép ndi nhiéu linh kién

dugc lam tir cac vat li€u khéc nhau.
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YEU CAU BAO HQ
1. Ché pham nhua epoxy chita cac thanh phan tir (A) dén (E) dudi day:

(A) it nhat mot chit hoa rén trén co sé thiol chira hop chat thiol da
chitc ¢6 ba hodc nhidu nhém thiol;

(B) it nhat mét nhua epoxy da chirc;

(C) it nhat mot chét didu chinh mat d6 lién két ngang chira nhya epoxy
don chuc, trong do chét didu chinh méat do lién két ngang khong phai 1a chét
két hop silan;

(D) chét xtc tac hoa rin; va

(E) chét dbn silic oxit ¢6 kich thuéc hat trung binh 16n hon hogc bang
0,1um va nhé hon hodc béng 5,0um;

trong do ty s6 ([lugng duong lugng nhém chie epoxy]/[lugng duong
lvong nhém chue thiol]) cua tong luong duong lugng nhém chic epoxy d6i
v6i cac thanh phin (B) va (C) véi luong duong lugng nhom chire thiol déi voi
thanh phan (A) 16n hon hodc bang 0,70 va nho hon hogc bang 1,10; va

trong do lugng theo mol ctia thanh phan (C) so v6i tdng sb ctia luong
theo mol ctia thanh phén (B) va luong theo mol cua thanh phan (C) nam trong
khoang tir 25 dén 70%;

ché pham nhua epoxy c6 dd nhét & 30°C cao hon hodc bang 100mPa-s
va thap hon hozc bang 2000mPas.

2. Ché pham nhuya epoxy theo diém 1, trong d6 lugng thanh phan (E) nam
trong khoang tu 15 dén 50% khdi luong so véi toan bd trong lugng cia ché

phim nhua epoxy.
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3. Ché phdm nhuya epoxy theo didm 1 hogc 2, trong d6 thanh phan (C) bao gdm

nhua epoxy don chirc thom.

4. Chéit gén chira ché pham nhua epoxy theo diém bét ky trong s6 cac diém tur

1 dén 3.

5. San phim hoa rin thu dugc bing céch héa ran ché phdm nhua epoxy theo

diém bat ky trong s6 céc didm tir 1 dén 3 hodc chét gén theo diém 4.

6. Linh kién dién tir chita sén phdm héa rén theo diém 5.





